Abstract. Interstellar extinction is investigated in a 1.5 square degree area in the direction of the reflection nebula NGC 7023 at ℓ = 104.1
INTRODUCTION
The distances to star-forming regions in the Cepheus Flare, an out-of-plane concentration of interstellar dust and molecular clouds, are still unknown to sufficient accuracy, see the recent review by Kun et al. (2008) . This our investigation is an attempt to determine more reliable distances and extinctions of dust clouds in the direction of the reflection nebula NGC 7023, illuminated by the young highmass star HD 200775 and surrounded by the dust cloud TGU 629 (Dobashi et al. 2005) .
In our earlier paper (Zdanavičius et al. 2008 , hereafter Paper I) we determined in this area the magnitudes and color indices in the Vilnius seven-color photometric system for 1240 stars down to V ≈ 16.7 mag. The published catalog for most of the stars also contains two-dimensional spectral types determined by interstellar reddening-free methods from the multicolor photometric data.
In the present paper we apply the classification results of Paper I for determining the distribution of the interstellar dust with distance in the 1.5 square degree area around the NGC 7023 nebula, using only the selected stars with the most reliable spectral types. In Section 2, we describe the classification methods based on the interstellar reddening-free parameters, used for determining the spectral types, and calculate interstellar reddenings and extinctions of the stars. The distribution of interstellar dust in the area is investigated in Section 3 and the discussion and summary of the results are given in Section 4.
TWO-DIMENSIONAL PHOTOMETRIC CLASSIFICATION
For the classification of stars a few different codes using slightly different spectral standards were used.
1. COMPAR code is based on the σQ method described by Straižys et al. (1992 Straižys et al. ( , 2002 . The method uses matching 14 different interstellar reddening-free Q-parameters of a program star to those of about 8400 standard stars of various spectral and luminosity classes, metallicities and peculiarity types. The results of the classification are spectral and luminosity classes and the indication of peculiarity. Several varieties of the code and sets of standards were used.
2. xqKLAS code uses the xq-method described by Zdanavičius (2005) . The method is based on a new concept of reddening-free parameters (q) and a 'virtual' quantity of the interstellar dust (x). 1418 standards were formed by calculating the mean dereddened color indices for 89 spectral subclasses (in most cases, for each one subclass and for late-type stars for each 0.25 subclass) and the 17 values of the absolute magnitude, M V . The results of the classification are spectral class and absolute magnitude.
3. TINKLAS code classifies stars using six Q,Q diagrams described in Straižys (1992) monograph. Each of them is formed from two reddening-free Q-parameters and calibrated in terms of spectral classes and absolute magnitudes. The results are spectral class and absolute magnitude.
Spectral classes and absolute magnitudes of stars determined by the methods (2) and (3) were used to estimate their luminosity classes taking the calibration of MK spectral types in absolute magnitudes from Straižys (1992) . Then the spectral and luminosity classes determined by the three methods for each star were weighted and averaged. The intrinsic color indices used in determining the interstellar extinction and the distance are also taken from Straižys (1992) .
As it was stated in Paper I, the J-H and H-K s color indices from the 2MASS survey (Cutri et al. 2003; Skrutskie et al. 2006) in some cases were helpful for the identification of K and M dwarfs.
INTERSTELLAR EXTINCTIONS AND DISTANCES
The interstellar reddenings E Y −V of 480 stars with the most reliable classification were determined as differences between the observed color indices Y -V given in Table 2 
Here V are from Paper I and M V are from the tabulation given in Straižys (1992, Appendix I), adjusted to a Hyades distance modulus of 3.3 mag. The results are given in Table 1 which gives the star number in the catalog of Paper I, V magnitude, spectral type and its quality, absolute magnitude M V , interstellar extinction A V , distance d and the name of the subarea to which the star is attributed. The subareas are described lower in this section and are shown in Figure 2 . Fig. 1 . Dependence of the AV extinction on distance in the whole area. The three dotted curves show the limiting magnitude effect for A0 V, F0 V and G0 V stars. The curve at the right-hand upper corner is also valid for K0 III stars since their absolute magnitudes are close to those of A0 V stars. The lower segmented curve is the dependence of the extinction on distance for the Galactic latitude +14.2
• calculated by the Parenago formula (see the text). The error bars correspond to standard deviations of the distance and the extinction at 0.5 kpc and 2 kpc distances. The two vertical lines mark the mean distances of the clouds. Figure 1 shows the plot A V vs. d for stars in the whole area. The three dotted curves correspond to A0 V (or K0 III), F0 V and G0 V stars at the limiting magnitude V lim = 16.0. The stars of these spectral types (and absolutely fainter) above the corresponding curves are affected by the limiting magnitude, i.e., stars with high extinctions are missing at these distances. Consequently, the plot cannot be used for estimating both the mean and the maximum extinctions. However, up to a distance of 1 kpc all the stars absolutely brighter than G0 V are well represented in the areas where A V is smaller than ∼ 2 mag. At d = 1 kpc and A V = 2 mag, only G, K and M dwarfs near the limiting magnitude are missing. In the upper part of Figure 1 the error bars of the distance and A V are shown for the two distance values. They correspond to an error of ± 0.1 mag in A V , ± 0.5 mag in M V and (-20, +26) % in the distance. The segmented curve in Figure 1 , which starts from the origin of the coordinates, corresponds to the exponential extinction law for the Galactic latitude b = +14.2
• , calculated by the Parenago formula with the extinction coefficient A V = 1.5 mag/kpc and the half-thickness of the dust layer β = 0.11 kpc (Parenago 1945; Sharov 1963; Straižys 1992, p. 146) . It is evident that the Parenago curve is in agreement with the positions of low-extinction stars located closer to us than 500-700 pc.
For determining the distance to a dark cloud we usually use stars situated at a steep rise (or jump) of the extinction at the front edge of the cloud. However, some of these stars can have negative distance errors which originate mainly from the errors in their absolute magnitudes. Consequently, the true distance to the cloud can be larger than the distance corresponding to the jump defined by the stars apparently closest to the Sun. The true distance can be found as
.8, where 0.2 d is the negative distance error when the error of the absolute magnitude ∆M V = +0.5.
However, the described situation takes place only in the case when a statistically significant number of stars at the extinction jump is available. In our case, at the expected cloud distance we have only a few stars with large extinctions. It is quite possible that some of them really have a negative error of the distance but it is also possible that their distance error happens to be zero or even positive, and we have no reason to apply the above described correction to their apparent distances. A more realistic value of the cloud distance can be obtained by averaging distances of the reddened stars in the interval between d − 0.20d and d + 0.26d where d is the true cloud distance.
In Figure 1 we can see that at ∼ 250 pc a steep rise in the extinction takes place. However, two of the stars, Nos. 595 and 636 in the catalog of Paper I, exhibit too large extinction values, A V = 1.56 and 0.55 mag, at small distances, 114 pc and 173 pc, respectively. The first of these two stars will be discussed below in this section. Both stars are excluded from determining the cloud distance. The remaining 10 stars with distances between 210 and 330 pc and A V ≥ 0.5 mag have the mean distance 282 ± 42 pc (standard deviation) which may be considered as the distance of the nearest cloud. This result should be considered as more accurate than the value of distance found by Straižys et al. (1992) applying a similar method for only four stars of magnitudes 11-12. Two of them in our Paper I were suspected as binaries.
At distances larger than 250 pc the extinction continues to rise almost up to 1 kpc. However, the presence of another jump (or jumps) of the extinction can be suspected. The most probable jump is observed between 560 and 875 pc, where 560 pc is the distance to the front edge, and the distance range is defined by d − 0.20d and d + 0.26d. Within this distance range we have 10 stars with A V ≥ 1.8 mag. Their mean distance is 715 ± 110 pc (standard deviation).
Trying to better understand the extinction vs. distance relation, we have split the investigated field into five subareas with the boundaries shown in Figure 2 and with the extinction map from the Dobashi et al. (2005) atlas and the stars down V = 14 mag from the GSC catalog plotted in the background. Each of these subareas exhibits a somewhat different form of the A V vs. distance dependence. In the following, the results of the extinction dependence on distance in these subareas will be described. Figure 1 . A few more jumps between 500 pc and 750 pc are also possible. The mean extinction value at distances > 1.0 kpc is about 1.3 mag, and the maximum value is close to 1.75 mag. Figure 4 shows the A V vs. d plot for Subarea II located at the left upper corner of the area. Here, the nearest considerably reddened star is found at the apparent distance 300 pc, and the second jump is seen at ∼ 700 pc. At d > 1 kpc the extinction remains more or less constant with a mean value of 1.3 mag. In this subarea a group of about 12 stars at a distance of 800-1100 pc exhibits quite low extinction, with the values between 0.2 and 0.6 mag. Probably, these stars are seen in the directions of relatively transparent windows. They are scattered over the whole subarea. Figure 5 shows the A V vs. d plot for Subarea III located at the lower left corner of the field. The positions of the two extinction jumps here cannot be estimated reliably but the height of the second jump is almost 1 mag, giving a mean extinction of 1.8 mag at d > 1 kpc. Figure 6 shows the A V vs. d plot for Subarea IV which surrounds the central dark cloud on three sides. The extinction jumps are close to the distances observed in other subareas. The extinction values show a considerable scatter (between 1.0 and 2.2 mag), with the mean value being about 1.6 mag. Two stars in the subarea exhibit the extinction values around 2.5 mag.
In Figure 7 we show the A V vs. d plot for Subarea V which includes the darkest segment of the dust cloud with the reflection nebula NGC 7023. Only 14 classified stars with A V > 1.0 have been found in this direction. Among these the most interesting is the above-mentioned star No. 595. Its photometric spectral type is K2 V, V = 13.18, A V = 1.56 and d = 114 pc. It is strange to find this large extinction at such a small distance. The classification of the star by all of the methods applied is of good accuracy and coinciding. The small apparent distance of the star can be explained by its possible duplicity. If it is a binary with two identical components, the combined absolute magnitude should be more negative by 0.75 mag and the distance larger by a factor of 1.41, i.e., 114 × 1.41 = 161 pc, which is more realistic than the value for a single star, but still too small compared to the cloud distances in other subareas.
Other stars in Subarea V classified in Paper I are too scanty to estimate cloud distances. However, their distribution in the plot (Figure 7) is not in contradiction to the apparent distances of the two clouds at 282 pc and 715 pc. The largest extinction found in Subarea V is close to 3 mag, but this is not the real maximum value since the stars with larger extinctions are absent in our sample due to the limiting magnitude effect. With the help of 2MASS photometry we have found in this area a few red giants having A V ≈ 15 mag.
DISCUSSION AND CONCLUSIONS
The dust cloud TGU 629, surrounding the reflection nebula NGC 7023, belongs to a giant dust and molecular cloud system known as the Cepheus Flare. In the summaries of distance determinations of different objects in this system, Kun (1998) and Kun et al. (2008) came to the conclusion that the system either has a considerable depth or consists of several layers with distances ranging from 200 to 500 pc. Two layers of interstellar gas were found by radio observations by Heiles (1967) in the neutral hydrogen 21 cm line and by Grenier et al. (1989) in the CO molecular lines. Applying the kinematical method to velocity profiles of the lines, Grenier et al. find the approximate distances to the layers: 300 and 800-900 pc.
Our results described in Section 3 also give evidence that dust clouds in the vicinity of NGC 7023 concentrate at least in two layers at 282 pc and 715 pc. There is a possibility that the true distances of these cloud layers are not the same throughout the area. However, the number of stars at the extinction jumps in different subareas is too small to be sure that these distance differences are real. The extinction vs. distance plots also allow to suspect that more clouds are present along the line of sight. This is in agreement with the map of the CO intensity distribution (Dame et al. 2001) which evidences that the molecular cloud structure in the Cepheus Flare is quite clumpy and fragmented.
Our estimates of cloud distances are in satisfactory agreement with those found by Grenier et al. (1989) from kinematics of the CO clouds. The CO radial velocities show that at the Galactic longitude ℓ = 104
• both clouds are connected by a bridge. The distant CO layer should be more prominent at larger Galactic longitudes, i.e., on the left side of our area (Subareas II, III and, partly, IV) . This is in agreement with our results.
If we accept that dust clouds in this direction reach a distance of 700 pc, the depth of the cloud layer should be about 400 pc. The length of the whole Cepheus Flare cloud system (∼ 18
• ) corresponds to ∼ 95 pc at a distance of 300 pc and to ∼ 220 pc at a distance of 700 pc. It seems possible that the Cepheus Flare has its extension known as the Polaris Flare (Heithausen et al. 1993; Dame et al. 2001) . In this case the whole complex of molecular clouds from ℓ, b = (100
• , +14
• ) to (126
• , +30
• ) has a length of ∼ 30
• and the projected complex length is from ∼ 160 pc at a distance of 300 pc to ∼ 375 pc at a distance of 700 pc. The apparent width of the Cepheus and Polaris Flares is only ∼ 8
• , which corresponds to 42 pc at a distance of 300 pc and 100 pc at 700 pc.
The projected length of the cloud system at 700 pc (375 pc) is comparable to the observed depth of the complex (400 pc), i.e., the complex looks like a pancake, and our line of sight runs along its plane. The heights of the two cloud layers above the Galactic plane in the direction of NGC 7023 are 75 pc and 170 pc.
To have the estimates of cloud distances more accurate, one must minimize the errors of absolute magnitudes of the stars which define the jumps in the extinction vs. distance dependence. This can be done either by spectral observations of these stars to verify their spectral and luminosity classes or by determining trigonometric parallaxes. Within a few years, in the case of the success of the Gaia mission, the distance problem of these reddened stars will be solved.
